Abstract. The Directive 2013/59/Euratom was adopted by the Council of the European Union in 2013. It lays down basic safety standards for protection against the dangers from exposure to ionising radiation. The directive obliges our country to adopt the laws, regulations and administrative provisions necessary for its implementation. According to research conducted by the Institute of Nuclear Physics in Kraków, radon constitutes the largest source of ionising radiation a resident of our country is exposed to. Its share reaches almost 40% of the annual dose. Inhalation of radon and products of its decay in rooms constitutes a significant part of the dose of ionising radiation whose source is radon. Residential premises are the rooms in which we spend nearly 60% of our life in our climate zone. Environmental studies conducted in these rooms demonstrate that the concentration of radon in their interior is in many cases greater than its concentration outside the building. This issue is dealt with in Article 74 of the Directive 2013/59/Euratom. It recommends taking action to prevent long-term health risks resulting from exposure to radon in residential and public premises. Architectural and construction solutions applied in buildings play a significant role in the prevention of such dangers. One of the radon preventive measures in the indoor environment is the design of basements in residential buildings.
Introduction
Due to the high social costs incurred for the treatment of people and the results of research conducted by the medical community, it becomes necessary to involve architects in interdisciplinary activities as part of preventative health care. It was already Vitruvius who claimed that medical knowledge is to a certain extent an indispensable element of the architect's professional skills. Also today, medical knowledge should be an indispensable element of the architect's professional skills so that human biological needs could be met in a proper way. This knowledge should be systematically updated and take account of the current level of knowledge in the field of environmental medicine. These considerations aim at selecting such architectural and construction solutions that do not cause changes that are detrimental to human health in the indoor environment and at the same time protect that environment from the impact of factors harmful to our body. In terms of preventative health care in architecture, residential premises in which we spend nearly 60% of our life in our Unlike other natural radionuclides, radon is a gas. It occurs in the form of the 222 Rn isotope in the uranium decay chain and 220 Rn in the thorium decay chain. The first of them is more significant due to the longer half-life period. As a noble gas, radon is not directly dangerous to human health, since it is excreted from our body relatively quickly. However, the products of its decay, especially those with a short lifetime emitting alpha particles are especially dangerous. [7] These particles are constantly formed as a result of the decay of radon in the air. After their absorption into the lungs, they are further disintegrated, which results in the respiratory tissues being exposed to an increased dose of harmful alpha radiation. This exposure has the character of a local irradiation of pulmonary tissue, which consequently induces lung cancer. On the basis of population studies among patients with lung cancer, radon radiation has been found to be a 10% risk factor for the emergence of the most difficult-to-treat cancer types. Owing to these findings, radon has become the subject of special interest and measures aimed at limiting its participation in radiation doses received by man. Since the contribution of radon in the induction of cancer has been proven by doctors, it has become necessary to implement preventive measures. The measures have been focused on determining the permissible level of radon concentration in the indoor air. Extensive internal air testing has been required to determine this level. It has been important to determine how far the dose of ionising radiation whose source is radon exceeds the level of the so-called background dose the human body is adapted to.
The state of research
The problem related to radon threats was first noticed at the end of the seventies. Since then, intensive research into this radiation factor has been conducted in many countries. Those studies have demonstrated that the place where people are especially exposed to this type of ionising radiation is the indoor environment in buildings. [8] As a result of research conducted as early as in the seventies, it turned out that the concentration of radon in the rooms exceeds the concentration of this gas in the immediate vicinity of the building by an average of 8 to 10 times. [9] Due to this fact, radon preventive measures introduced in many countries concentrated on investigating the causes of increased radon concentration in rooms. Among others, there are large-scale measurements performed that aim at the identification of areas and houses with a high concentration of this radionuclide.
In the first period of research conducted until around the beginning of the nineties, it was found that the average values of radon concentration in residential buildings fluctuated within 20-50 Bq/m 2 . The continuation of the studies demonstrated, however, that there are more and more numerous cases of higher concentration levels of this gas. These values reached several hundred or even several thousand Bq/m 2 . Such buildings were located in various places on earth, including the Scandinavian countries, the United Kingdom and the United States.
Since the very beginning of "radon" measures, scientists in our country have also dealt with this issue. At the turn of 1992 and 1993, research on the exposure of residents to radon was conducted in flats in Kraków. These tests were performed by the Department of Epidemiology and Preventive Medicine of Collegium Medicum at the Jagiellonian University in cooperation with the Air and Industrial Hygiene Laboratory from California Department of Health Services in the United States. [10] Radon concentration tests were performed only inside the buildings. No measurements concerning the concentration of this radionuclide outside buildings in the outdoor air were performed. The researchers acknowledged that the impact of this threat on human health is most significant in the rooms. On the basis of previous studies, they concluded that an increase in the concentration of radon inside rooms in relation to the immediate environment should be considered proven. Additionally, the time of human exposure to this type of radiation inside buildings is clearly longer in our climate zone.
In order to determine the reasons for the increased concentration of radon inside buildings, the research conducted at the beginning of the 1990s covered three types of residential buildings: town houses in the oldest part of Kraków that were constructed mainly of stone and bricks, large blocks of flats built of concrete slabs and small single-or multifamily detached houses. The results of the studies demonstrate that underground storeys and ground level storeys of buildings play an important role in the issue analysed. In each of the groups of facilities selected, in accordance with the arithmetic mean, the largest concentrations of radon occurred in the basements. The lowest concentrations were recorded in the basements of old town houses, and the highest ones in the basements of single-family houses. A similar situation occurred on the ground level storey. The level of radon concentration observed on the ground floor in single-family houses was about 50% higher in non-basement buildings of this type in comparison to the structures with basements.
Radon sources in rooms
The source of radon in the indoor air in buildings is found in natural radioactive elements occurring in its surroundings, in building products manufactured from natural and waste mineral resources, and above all in the ground. The share of radon contained in building materials in the total exposure of residents to this type of ionising radiation is relatively small. The research on building materials was conducted in our country as early as in the 1970s by the Central Laboratory for Radiological Protection, the Institute for Nuclear Research and the Power Waste Management Company. The results of those tests have been later confirmed by more and more precise measurements. Those studies indicated that wood emits the least amount of radon. Concrete, whose radioactivity results from the level of radioactivity in the aggregate, is characterized by greater emission. It is lower when aggregates are manufactured from natural minerals, and clearly higher when waste materials, especially the post-industrial ones, are used. The radioactivity of ceramic products is at a similar level and is conditioned by the radioactivity of raw materials used in their production. The highest emission of radon in our country was found in the materials whose production involved using coal combustion wastes, such as slag and fly ash, as additives, since they contain radium in a much higher concentration than the average natural materials. [9] Currently, building materials are subject to greater control in terms of their radioactivity, therefore their influence on the level of radon in the rooms is not as significant as it was in the past, but still higher than the one being attributed to outside atmospheric air. [2] The least significant sources of ionising radiation of radon nature in buildings are: tap water and natural gas used in households as well as external atmospheric air. [5] (Fig. 2) . According to the latest research, the main source of radon in buildings is currently the subgrade (Fig. 3) . The infiltration of radon from soil into buildings is the main reason for its increased concentration in the rooms. The quantity of radon emission from the subgrade is caused by a large amount of radium in the ground under the building. The intensity of this emission is particularly high when the increased content of radium occurs in its upper layer, and the radium contained therein is characterized by a high rate of radon emanation. Being gas, radon rises towards the surface of the terrain. Both the range and rate of radon infiltration are to a large extent dependent on the soil structure. The soil with a porous structure is characterized by better permeability. Cracks, crevices and faults occurring in the rocky subgrade are conducive to infiltration of radon. Current research confirms earlier findings about the higher level of this radionuclide in the indoor air compared to its concentration in the air in the immediate vicinity of the building. This clearly indicates the impact of the construction structure on its accumulation inside the facilities. The building that is located on the way of radon emission absorbs and even sucks it. The suction of radon-containing ground gases to the inside of buildings is caused by the pressure difference between atmospheric air and indoor air in these environments. The penetration of these gases into a building is facilitated by openings and leaks in their construction. The rooms most exposed to radon penetration are located in the underground storeys and ground level storeys of buildings.
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Legal requirements
Research on radon content in the indoor air of residential premises has shown that in many cases the level of its concentration significantly exceeds the dose of ionising radiation recognized as safe for our body. The situation occurs so frequently that, due to the negative impact of this phenomenon on human health, it is necessary to introduce legal requirements in terms of preventive measures for our health. This is supported by the recognition of radon as a risk factor in the development of diseases such as lung cancer by the medical community. [11] Therefore, in 2013, the Council of the European Union adopted Directive 2013/59 Euroatom. [12] This directive defines basic safety standards in order to protect people against risks resulting from exposure to ionising radiation exceeding the so-called background dose. According to this directive, European Union Member States are obliged to develop and implement the laws, regulations and administrative provisions necessary to implement its recommendations. These measures should be introduced by 6 February 2018 at the latest. Article 103 of the Directive provides that in order to manage long-term risks resulting from radon exposure in apartments, public buildings and at workplaces, National Radon Action Plan is created.
Much earlier, between 1995 and 2002, the Ordinance of the President of the National Atomic Agency that specified the permissible average annual concentration of radon in the air in the premises designed for permanent accommodation was in force in Poland. These values were not to exceed 400 Bq/m 3 in buildings built before 1998 and 200 Bq/m 3 in buildings built after 1998. [13] These requirements were in line with the recommendations of the European Commission 90/143/Euroatom. [14] Once exceedance of these values was discovered, measures to limit the concentration of radon were to be taken. The ordinance also indicated the need to perform tests aimed at indicating houses where radon levels exceeded the acceptable levels of its concentration. In the following years, the activities devoted to protection against ionising radiation in construction focused on the problem of radioactivity of building materials. [15] The reduction in ionising radiation emitted from building materials has definitely contributed to the improvement in the quality of internal environment in terms of radon threats in buildings. However, the radioactivity of building materials is not the main source of radon in buildings. Studies show that radon concentrations in buildings still exceed its acceptable levels.
The following years did not bring significant development in terms of preventive measures against radon in buildings. It was only the Directive 2013/59/Euratom that led the European countries, including ours, to take more decisive steps in this matter. On 11 August 2014, the Minister of the Environment published the Ordinance [16] regarding the appointment of the Committee for the development of the concept of transposing the recommendations into the national legislation. These works are currently being finalised and will soon become legally binding regulations. The regulations were developed in six working thematic groups. Group II dealt with exposure to radon in buildings and radiation from building materials. As part of the work in this thematic group, the directions of the necessary protective and preventive measures have been defined. It entails such activities as: creating and testing measurement procedures, defining procedures for comparative measurements and educational and training campaigns. One of the most important tasks necessary for implementation within these activities is the so-called "new" designing of buildings. The term "new" should be understood as designing that recognises the problem of the radon threat in buildings.
New aspects of architectural and construction design of residential buildings
Research results that indicate the building zones particularly exposed to the occurrence of radon threats should lead designers to devote attention to these fragments which is clearly different from the current one. In addition to direct economic aspects, designing should also recognise such long-term consequences as the exposure of users to health loss and enormous social costs that are currently incurred for treating people. In the case of diseases caused by ionising radiation, it is an extremely expensive process of keeping a person alive rather than restoring them to health. This "new" designing should be particularly painstaking with regard to housing as we spend most of our lives in the environment of these buildings. In terms of housing construction, single-family housing, which dominates in these types of facilities in our country, is especially important. Due to the economic aspect of single-family house construction, buildings of this type are more and more often built without a basement. In the light of research concerning radon concentration in buildings, the increased concentration of this gas found most frequently in the basements of buildings with basements is transferred to the ground floor of non-basement structures. This is due to the direct contact of this level with the subgrade that emits radon. The perfect sealing and detachment of this level is extremely difficult due to numerous necessary gaps around service pipes, such as sewage or water supply. Another problem is the protection of air supplied to the interior of buildings as part of new energysaving solutions such as the so-called "heat pump".
In the search for an effective method of protection against infiltration of radon into the building, efforts are made in many Western countries to identify areas where an increased emission of this radionuclide from the subgrade occurs. For this purpose, the so-called "radon maps" are created that indicate areas where housing construction should not be located. These activities are extremely expensive and, according to physicists from the Institute of Nuclear Physics in Kraków, not the most effective ones. There may be both a region with clearly increased radon emission and a region with limited emission of this radioactive gas even within one plot. The geological structure has a significant influence on the possibility of radon emission from the subgrade. For example, sealed clay deposits significantly impede the diffusion of radon. In contrast, cracks in the bedrock create "nozzles" that accumulate the stream of this gas and locally create an area with a very high emission from the subgrade. Therefore, even two buildings located at a small distance from each other can clearly differ in terms of radon threats occurring in their interior. [13] In Western countries, the so-called "radon pumps" are applied in facilities where an increased level of radon was discovered. Those are devices that suck this gas from the ground located under the building and remove it to the atmosphere above its roof (Fig. 4) . In exceptional situations, such devices are also used to remove air with an increased content of radon from basement rooms (Fig. 5) . These solutions are extremely effective, but also energy-consuming due to the need for their continuous operation. In the era of energysaving construction, it is therefore a solution that does not fully meet the requirements of this type of construction.
The tests performed in the rooms have indicated that the concentration of radon in the indoor air clearly decreases at the moment of opening the windows, which increases their natural ventilation. It seems that a properly ventilated basement is a perfect protection of higher, residential storeys against the penetration of this gas into their interior. This solution can be considered as proven in the light of previous studies which demonstrated that the concentration of radon in the ground level storeys of buildings with a basement is clearly lower than its concentration in the ground level storeys of buildings without basements. 
Conclusions
Recognition of harmful effects that radioactive gas such as radon emitted from the ground has on human health imposes a new scope of requirements in the design of residential buildings. Meeting the biological needs of the human body is one of the basic aims of the architect's profession. The accomplishment of this task entails not only the creation of comfortable environmental conditions in buildings in terms of thermal physical factors, but also the protection of this environment from harmful physical, biological and chemical factors. This requires constant updating of the architect's professional skills and including knowledge about health risks in the indoor environment in one's design decisions. Medical research has demonstrated that the concentration of radon in the air exceeding the background dose is extremely harmful to the human body. Measurements conducted by nuclear physicists demonstrate that the interior of the building is conducive to the accumulation of this radioactive gas, while its material structure can be the source of its emission. These studies indicate a close relationship between the increased concentration of radon in the indoor air and the level on which the room is situated in relation to the ground level. The location of residential premises directly on the so-called ground constitutes a major obstacle to protecting their environment from the infiltration of radon. The basement in the building and the placement of residential premises above ventilated basement rooms provides the opportunity to remove excess gas before it penetrates the higher levels. A ventilated sub-floor space could be an alternative and less expensive procedure. Even if the tests concerning radon emissions from soil conducted at the site of the future location of a residential building do not indicate a significant exceedance, there is still no agreement as to whether this is a stable situation or whether it may change to a more or less unfavourable one in the future. Therefore, when designing and constructing a new building, one should take into account the possibility of the occurrence of such a situation and use such architectural and construction solutions that enable the interior of the building to be protected against the possibility of radon threats.
